Evidence has been presented (DeLamater, 1951b (DeLamater, , 1953 The concept concerning secondary colonies formulated here as a working hypothesis is not intended as a comprehensive plan including all cases, but as a special case which may or may not be more general in application. The studies by Kristensen (1944) and Barkulis (1949) on the rhamnose mutation of Eberthella typhosa, and those of Lewis (1934) on the lactose fermenting papillae of Escherichia coli-mutabile, indicate
Evidence has been presented (DeLamater, 1951b (DeLamater, , 1953 for the occurrence of cellular fusion in Bacillws megaterium by means of the formation of conjugation tubes. The participating cells subsequently swell into large structures containing what appear to be diploid nuclei. It was noted that this process occurred readily on media containing 4 per cent huiman blood. Furthermore, when agar cultures were held for several days, secondary colonies appeared, which on microscopic examination contained a high percentage of the large type celLs. It was felt that under these conditions secondary colonies might constitute colonial growth of a diplophase, especially since origin of such large celLs had been observed. In consequence of these observations, the simultaneous study of the conditions which induce both cellular fusion and secondary colony formation in this orgaism was undertaken. The data presented are expected to be of value in the extension and confirmation of what is believed to constitute a cytological demonstration of sexuality in bacteria. Equally stimulating is the hope that such a study will facilitate the demonstration of genetic recombinations in B. megaterium. This paper constitutes a report on the studies so far accomplished along this line.
The concept concerning secondary colonies formulated here as a working hypothesis is not intended as a comprehensive plan including all cases, but as a special case which may or may not be more general in application. The studies by Kristensen (1944) and Barkulis (1949) on the rhamnose mutation of Eberthella typhosa, and those of Lewis (1934) cells in a 5 to 6 hour old culture (1 to 2 hours after completion of the germination process).
Physical factors. The effects of temperature were assayed. It was found that cultures grown at 25 C, 30 C, and 37 C produced secondary colonies regularly, but that the colder temperatures delayed their appearance. Refrigeration of the inoculum was reported by Stempen and Hutchinson (1951) to stimulate large body formation in Proteus vulgaris, strain OX-19. With B. megaterium, conjugation and secondary colony formation on human blood were increased sometimes by refrigeration of a vegetative cell inoculum, but the results appeared to be too inconsistent to be significant. Ultraviolet irradiation of spores and vegetative cells and the medium produced results entirely comparable to those obtained with unirradiated controls. It did not appear that such physical factors appreciably affected the occurrence of either conjugation or secondary colony formation.
Chemical factors. In an effort to ascertain the general cultural conditions which controlled the occurrence of conjugation and secondary colony formation, the media shown in table 1 were tested. It appeared that either blood, proteins, or amino acids are necessary to the formation of both, and that human blood contains some factor which stimulates the occurrence of conjugation to such a degree that it is observed readily in cytologic preparations. The use of lower concentrations of human blood resulted in a proportionate decrease in the number of conjugation tubes observed. Neither conjugation tubes nor secondary colonies occurred on minimal medium, but both were observed in small numbers when human blood was added to it. The minimal medium contained 0.3 per cent glucose in the following inorganic salt solution: Na2HPO4, 6 g; KH2PO4, 2 g; MgSO4. 7H,20, 0.1 g; NH4Cl, 1 g; NaCl, 1 g; distilled water, 1,000 ml. Blood agar base containing human ascitic fluid or strepogenin produced secondary colonies, but no conjugation tubes were observed. Casein hydrolyzate consistently produced large numbers of secondary colonies. On Bacto casamino acids they were more abundant and appeared sooner than on Bacto vitaminfree casamino acids. Occasionally conjugation tubes were observed on casein hydrolyzate, but much less frequently than on human blood.
Because of the tremendous stimulation that human blood produced in the formation of secondary colonies and conjugation tubes, bloods from several species were tested as shown in table 2. The occurrence of observable conjugation tubes on human blood, in contrast to what was observed on the blood of the other species, suggests the presence of some factor in greater abundance in this source. It is possible, however, that the time of making of the cytologic preparations from the other blood media may not have been optimal for the demonstration of conjugation tubes. The data indicate that the active principle in human blood is present in the plasma rather than the red blood cells. Furthermore, serum was equally as active as plasma. Heating human blood in order to destroy complement, for cytological observations on different media. It may be inferred that conjugation on human blood occurs regularly throughout the life of the culture, but an increased activity is visible cytologically immediately following germination.
The importance of the spore state in the formation of secondary colonies was recognized by Preisz (1903 Preisz ( -1904 condition which arises in old cultures. The question obviously arises as to the origin of the large secondary colony cells on the media on which no conjugation was observed. Two possibilities present themselves. First, conjugation may have occurred and not been detected, either because it was too rare or because the time at which the cytological preparations were made was not optimal. Secondly, some other mechanism may be operating. A fusion process, distinct from cellular fusion and resembling autogamy, has been observed and is now under study in this laboratory. This type of fusion is thought to be a likely primary cause for the secondary colonies formed on media other than human blood agar.
It seems proper and plausible to assume that until more is known concerning the biochemical mechanisms which operate in the processes of sexuality in microorganisms, the development of working hypotheses, such as that presented here, is justified. The accumulation of data developing from such hypotheses may eliminate them and substantiate the position of others, or may aid in the broadening of our concepts.
SUMMARY
The effects of biological, physical, and chemical factors on conjugation and secondary colony formation by BaciUus megaterium have been presented and discussed. Conjugation occurred most readily on human blood agar, 5 to 6 hours after inoculation with a spore suspension. Protein or amino acids appeared to be necessary to the formation of both conjugation tubes in detectable numbers and secondary colonies. and freezing and thawing in order to denature lipoproteins, did not remove its activity.
To ascertain which portion of serum contained the active principle, fractions were obtained from Dr. Edwin Cohn and his associates of Harvard University, and these were tested. The data in table 3 show that fraction III, the combined fractions, and fraction PGP (plasma globulin proteins-I + II + III) stimulated the production of conjugation tubes in sufficient numbers to be observed cytologically although secondary colonies were produced on all fractions. No conjugation was observed on an ultrafiltrate of human serum, which further suggests that the active principle is either protein in nature or associated with a large molecule.
DISCUSSION
It is apparent that further study of secondary colony formation and conjugation must be carried out on synthetic media where a greater control of the specific action of added compounds can be maintained and the effects of the extraneous substances can be eliminated. It also appears that as soon as it is possible to produce adequate double mutants, a more controlled set of conditions in the study of conjugation and secondary colonies can be obtained. It was felt, however, that these studies were sufficiently thoughtprovoking to warrant their presentation at this time.
Three biological factors were found to influence the formation of conjugation tubes and secondary colonies by B. megaterium. First, a difference in strains appeared. Strain N differed from the other strains in its failure to produce observable conjugation tubes on human blood although it did form secondary colonies when spores were used as inoculum. Secondly, the spore state appeared to be important. In cultures grown from vegetative cells on human blood, conjugation was observed irregularly, but when spores were used as inoculum, positive results were obtained in every case. Thirdly, the age of the culture influenced the results. The data indicated that the stage at which the cells were most susceptible to fusion-inducing substances was that stage immediately following germination of the spore inoculum, probably corresponding to the lag phase or early log phase of growth. On this basis, 5 to 6 hour old cultures, inoculated from spores, were chosen as working material
